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A user terminal communicates with an FDD cell and a TDD
cell by employing carrier aggregation, and has a receiving
section that receives DL signals transmitted from each cell,
and a feedback control section that allocates delivery
acknowledgement signals in response to the DL signals
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USER TERMINAL, BASE STATION AND
RADIO COMMUNICATION METHOD

TECHNICAL FIELD

The present invention relates to a user terminal, a base
station and a radio communication method that are appli-
cable to a next-generation communication system.

BACKGROUND ART

In a UMTS (Universal Mobile Telecommunications Sys-
tem) network, the specifications of long-term evolution
(LTE) have been drafted for the purposes of further increas-
ing high-speed data rates, providing lower delay and so on
(non-patent literature 1). In LTE, as multiple-access
schemes, a scheme that 1s based on OFDMA (Orthogonal
Frequency Division Multiple Access) 1s used 1 downlink
channels (downlink), and a scheme that 1s based on SC-
FDMA (Single Carrier Frequency Division Multiple Access)
1s used 1n uplink channels (uplink). Also, successor systems
of LTE (referred to as, for example, “LTE-advanced” or

“LIE enhancement™ (hereinafter reterred to as “LTE-A”))

have been developed for the purpose of achueving further
broadbandization and increased speed beyond LTE, and the
specifications thereof have been draited.

As duplex modes for radio communication 1n LTE and
LTE-A systems, there are frequency division duplex (FDD)
to divide between the uplink (UL) and the downlink (DL)
based on frequency, and time division duplex (TDD) to
divide between the uplink and the downlink based on time
(see FIG. 1A). In the event of TDD, the same frequency
region 1s applied to uplink and downlink communication,
and signals are transmitted and receirved to and from one
transmitting/receiving point by dividing between the uplink
and the downlink based on time.

Also, the system band of the LTE-A system (Rel. 10/11)
includes at least one component carrier (CC), where the
system band of the LTE system constitutes one unit. Gath-
ering a plurality of component carriers (cells) to achieve a
wide band 1s referred to as “carrier aggregation” (CA).

CITATION LIST
Non-Patent Literature

Non-Patent Literature 1: 3GPP TS 36.300 “Evolved UTRA
and Evolved UTRAN Overall Description”

SUMMARY OF INVENTION

Technical Problem

In carrier aggregation (CA), which was introduced 1n Rel.
10/11, the duplex mode to employ between a plurality of
CCs (also referred to as “cells,” “transmitting/receiving
points,” etc.) 1s limited to the same duplex mode (see FIG.
1B). On the other hand, future radio communication systems
(for example, Rel. 12 and later versions) may anticipate CA
to employ different duplex modes (TDD+FDD) between
multiple CCs (see FIG. 1C).

Also, Rel. 10/11 anticipates intra-base station CA (intra-
eNB CA), which controls CA by using one scheduler
between multiple CCs. In this case, the PUCCH signals
(delivery acknowledgement signals (ACKs/NACKSs), etc.)

that are transmitted 1n each CC 1n response to DL data
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2

signals (PDSCH signals) are multiplexed to be aggregated 1n
a specific CC (primary cell (PCell)) and transmitted.

When conventional feedback mechanism 1s used in CA 1n
which different duplex modes (TDD+FDD) are employed
between multiple CCs, there 1s a risk that delivery acknowl-
edgement signals and so on cannot be transmaitted
adequately on the uplink.

The present mmvention has been made in view of the
above, and 1t 1s therefore an object of the present mnvention
to provide a user terminal, a base station and a radio
communication method, whereby uplink transmission can
be carried out adequately even when CA 1s executed by
applying different duplex modes between multiple cells.

Solution to Problem

The user terminal of the present invention provides a user
terminal that communicates with an FDD cell and a TDD
cell by employing carrier aggregation, and that has a receiv-
ing section that recerves DL signals transmitted from each
cell, and a feedback control section that allocates delivery
acknowledgement signals in response to the DL signals
received, by allocating the delivery acknowledgment signals
in a predetermined UL subirame, and, 1n this user terminal,
regardless of the cell that 1s configured as the primary cell,
when UL subframes are configured 1n both the FDD cell and
the TDD cell, the feedback control section feeds back the
delivery acknowledgement signals by using a UL subirame
of one or both of the cells, and, when a UL subframe i1s
configured only 1 the FDD cell, the feedback control
section feeds back the delivery acknowledgement signals by
using the UL subirame of the FDD cell.

Advantageous Effects of Invention

According to the present invention, it 1s possible to carry
out uplink transmission adequately even when CA 1s
executed by applying different duplex modes between mul-
tiple cells.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 provides diagrams to explain an overview of
duplex modes in LTE and LTE-A, and intra-base station CA
(1intra-eNB CA);

FIG. 2 provides diagrams to explain intra-base station CA
(1intra-eNB CA) and inter-base station CA (inter-eNB CA);

FIG. 3 provides diagrams to explain the DL HARQ
timings (uplink A/N feedback timings) in FDD and TDD;

FIG. 4 provides diagrams to explain the feedback timing
when existing A/N feedback timing 1s employed 1 TDD-
FDD CA;

FIG. § 1s a diagram to show an example of the A/N
teedback method according to the present embodiment 1n
TDD-FDD CA;

FIG. 6 provides diagrams to show another example of the
A/N feedback method according to the present embodiment
in TDD-FDD CA;

FIG. 7 1s a diagram to show another example of the A/N
teedback method according to the present embodiment 1n
TDD-FDD CA;

FIG. 8 1s a diagram to show another example of the A/N
teedback method according to the present embodiment 1n
TDD-FDD CA;

FIG. 9 1s a diagram to show another example of the A/N
teedback method according to the present embodiment 1n

1TDD-FDD CA;
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FIG. 10 1s a diagram to explain an example of a feedback
method to provide RF tuning periods in TDD-FDD CA;

FIG. 11 1s a diagram to explain an example of the
teedback method according to the present embodiment,
which provides RF tuning periods in TDD-FDD CA;

FIG. 12 1s a diagram to explain another example of DL
HARQ timing that 1s applicable to the present embodiment
in TDD-FDD CA;

FIG. 13 1s a schematic diagram to show an example of a
radio communication system according to the present
embodiment;

FIG. 14 1s a diagram to explain an overall structure of a
radio base station according to the present embodiment;

FIG. 15 1s a diagram to explain a functional structure of
a radio base station according to the present embodiment;

FIG. 16 1s a diagram to explain an overall structure of a
user terminal according to the present embodiment; and

FIG. 17 1s a diagram to explain a functional structure of
a user terminal according to the present embodiment.

DESCRIPTION OF EMBODIMENTS

As noted earlier, in LTE and LTE-A systems, two duplex
modes—namely, FDD and TDD—are provided (see above
FIG. 1A). Also, from Rel. 10 onward, support for intra-base
station CA (intra-eNB CA) has been provided. However, CA
in Rel. 10/11 1s limited to the same duplex mode (FDD+
FDD mtra-eNB CA or TDD+TDD intra-eNB CA) (see
above FIG. 1B).

Meanwhile, the systems of Rel. 12 and later versions
presume 1ntra-base station CA (intra-eNB CA), which
employs different duplex modes (TDD+FDD) between mul-
tiple CCs (see above FIG. 1C). Furthermore, the systems of
Rel. 12 and later versions also presume employing inter-base
station CA (inter-eNB CA) (see FIG. 2A). Note that inter-
base station CA 1s preferably supported regardless of the
duplex mode, and 1t may be possible to introduce inter-base
station CA that accommodates different duplex modes
(TDD+FDD).

In intra-base station CA (intra-eNB CA), scheduling 1s
controlled using one scheduler between multiple cells (see
FIG. 2B). That 1s, a user terminal has only to feed back
uplink control signals (UCI) such as delivery acknowledge-
ment signals (ACKs/NACKSs (hereinatfter also referred to as
“A/N’s)) and/or the like, to a specific cell (PCell) alone.

Meanwhile, in inter-base station CA (inter-eNB CA),
schedulers are provided separately for each of multiple cells,
and scheduling i1s controlled on a per cell basis. Also,
inter-eNB CA presumes that each base station 1s connected
in such a manner that the delay 1s not negligible (non-1deal

backhaul connection). Consequently, a user terminal has to
teed back uplink control signals (UCI) to each cell (see FIG.

2C).

When CA 1s executed by applying diflerent duplex modes
between multiple CCs (cells) (TDD-FDD CA), the problem
1s how user terminals should send A/N feedback. For
example, 1 inter-eNB CA, multiple CCs may carry out
HARQ independently. In this case, it may also be possible
to transmit A/N’s from a cell that employs FDD (FDD cell)
and from a cell that employs TDD, at the same time, 1n the
same subirame.

Meanwhile, in intra-eNB CA, (1) the case where multiple
CCs carry out HARQ independently as in inter-eNB CA,
and (2) the case where A/N’s for multiple CCs are multi-
plexed in one CC and transmitted may occur. In the latter
case of (2), A/N’s are gathered 1n one CC, so that there 1s no
simultaneous transmission of A/N’s. Furthermore, 1n intra-
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4

eNB CA, which feedback method a user terminal employs
depends on the user terminal’s capability (UE capability),
the combination of the frequency bands used 1n each CC
(band combination) and so on, and may be configured on the
base station side and applied to the user terminal.

In above-described TDD-FDD CA, 1t may be possible to
apply conventional feedback mechanism on an as-1s basis.
For example, when intra-eNB CA 1s executed by applying
different duplex modes between multiple CCs (above (2)),
A/N’s for the multiple CCs are multiplexed upon the PCell’s
PUCCH and fed back. This case will be described below
briefly.

FIG. 3A shows the timing a user terminal feeds back

ACKSs/NACKSs 1n response to the PDSCH signal 1n a cell to
employ FDD (hereinatter also referred to as an “FDD cell”).
In this case, the user terminal feeds back the A/N’s in UL
subirames that come a predetermined number of subiframes
(for example, 4 ms) after the DL subirames 1n which the
PDSCH signal 1s allocated.

FIG. 3B shows the timing a user terminal feeds back

ACKs/NACKSs 1n response to the PDSCH signal 1n a cell to
employ TDD (hereinaiter also referred to as a “TDD cell”).
In this case, the user terminal feeds back the A/N’s in UL
subirames that are assigned 1n advance to the DL subirames
in which the PDSCH signal 1s allocated.

In TDD up to the Rel. 11 system, the configuration ratio
of UL and DL has had a plurality of patterns (DL/UL
configurations O to 6), and, in each DL/UL configuration, the

DL subirames corresponding to UL subframes are deter-
mined. For example, FIG. 3B shows the case of DL/UL

configuration 2 (DL/UL Config. 2), imn which each DL
subirame 1s allocated to (associated with) a predetermined
UL subframe. In FIG. 3B, the number that i1s assigned to
cach DL subiframe (including special subiframes) shows the
number of subirames from the corresponding UL subirame.

In conventional systems, the timing to feed back A/N’s
(DL HARQ timing) stays the same even when CA 1s
employed. However, even when CA 1s applied to UL, A/N
transmission using the PUCCH 1s determined to be carried
out only 1n a specific cell (PCell).

The present inventors have found out that, 1n CA to apply
different duplex modes between multiple CCs (TDD-FDD
CA), cases might occur where sending A/N feedback and so
on by using the PCell’s PUCCH alone results 1n limiting the
UL subirames to use for feedback. For example, when the
TDD cell serves as the PCell and the FDD cell serves as the
SCell, there 1s a threat that adequate UL transmission of

delivery acknowledgement signals and so on 1s not possible.
FIG. 4A shows a feedback method in which, when the

TDD cell serves as the PCell and the FDD cell serves as the
SCell, the DL HARQ timing of the SCell (FDD cell) 1s
coordinated with the above FDD cell’s timing (FIG. 3A). In
this case, UL subirames for A/N feedback cannot be allo-
cated to many of the DL subirames of the SCell (FDD cell).
That 1s, A/N’s 1n response to the PDSCH signal that is
transmitted 1n each DL subirame cannot be fed back. Fur-
thermore, despite the fact that there are vacant UL subirame

resources 1n the SCell (FDD cell), these cannot be used for
the PUCCH.

FIG. 4B shows a feedback method in which, when the
TDD cell serves as the PCell and the FDD cell serves as the
SCell, the DL HARQ timing of the SCell (FDD cell) 1s
coordinated with the above TDD cell’s timing (FIG. 3B). In
this case, compared to FIG. 4A, the number of SCell (FDD
cell) DL subframes where UL subirames for A/N feedback,
which are PCell (TDD cell) subframes, can be allocated

increases. However, since the FDD cell’s feedback timing
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(for example, 4 ms) 1s changed, there 1s a risk that complex
control 1s required, compared to heretofore. Also, even when
there are vacant UL subirame resources in the SCell (FDD
cell), these cannot be used for the PUCCH.

So, the present inventors have found out that, when

TDD-FDD CA 1s employed (in particular, when the TDD
cell serves as the PCell and the FDD cell serves as the
SCell), 1t 1s possible to allocate UL subirames to each DL
subirame of the PCell and the SCell adequately, by support-
ing UL transmission (PUCCH transmission) using the
PUCCH 1n the SCell’s UL.

To be more specific, in intra-eNB CA, regardless of which
of the FDD cell and the TDD cell serves as the PCell, if UL
subirames are configured in the FDD cell alone, dehvery
acknowledgement signals and so on are fed back (PUCCH
transmission) by using these UL subirames of the FDD cell.
Also, when UL subirames are configured in both the FDD
cell and the TDD cell (when the TDD cell’s UL subframes
are conligured), the present inventors have come up with the
idea of feeding back delivery acknowledgement signals by
using the UL subirames of one or both of the TDD cell and
the FDD cell (see FIG. 5).

That 1s, 1n intra-eNB CA, 1n subirames other than the
subirames where UL 1s configured in both the FDD cell and
the TDD cell, A/N-related PUCCH transmission 1s carried
out by using the FDD cell’s UL subirames. To be more
specific, among the DL subframes of the FDD cell, A/N’s 1n
response to DL subirames apart from the DL subirames that
are four subirames before UL subirames in the TDD cell are
ted back using the FDD cell’s UL subirames. By this means,
regardless of which of the FDD cell and the TDD cell serves
as the PCell, FDD UL subframe resource are utilized eflec-
tively. Also, in subframes in which the FDD cell and the
TDD cell are both directed to UL, the A/N feedback method
(feedback target and so on) 1s controlled.

A structure may be employed 1in which, in subirames
where the FDD cell and the TDD cell are both directed to
UL, the base stations configure the selection of the cell to
carry out PUCCH transmission (the FDD cell and/or the
TDD cell) and report this to user terminals.

For example, intra-eNB CA, in subframes (TDD UL
subirames) 1n which the FDD cell and the TDD cell are both
directed to UL, each cell’s A/N’s are fed back using each
cell’s PUCCH. In this case, it 1s possible to apply the same
feedback timing as in mter-eNB CA, so that a user terminal
can support both intra-eNB CA and inter-eNB CA with one
function (see FIGS. 6 A and 6B). By this means, it 1s possible
to supply terminals at low cost, without making the radio
(RF) circuit and the baseband circuit complex.

Alternatively, in intra-eNB CA, 1n subiframes in which the
FDD cell and the TDD cell are both directed to UL, the
A/N’s of each CC are gathered and multiplexed in the
PUCCH of one CC and fed back. Since feeding back the
A/N’s of each CC by using one CC makes 1t poss‘,lble to
avoid using multi-carrier transmission, so that 1t 1s possible
to prevent out-of-band radiation, the increase of peak trans-
mission power and so on, and carry out transmission with
greater power. Also, it becomes possible to secure coverage.

Now, when the A/N’s of each CC are gathered and
multiplexed in the PUCCH of one CC, which one of the
TDD cell and the FDD cell should be selected 1s the
problem. The method of selecting the cell (CC) when the
A/N’s of each CC are gathered and multiplexed i the
PUCCH of one CC will be described below 1n detail with
reference to the accompanying drawings. Note that,
although cases will be described as examples 1n which

DL/UL configuration 2 1s used in the TDD cell in the
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following description, the DL/UL configuration that 1s appli-
cable to the present embodiment 1s by no means limited to
this.

First Embodiment

A method will be described, with a first embodiment,

whereby, 1n subiframes in which the FDD cell and the TDD
cell are both directed to UL (when TDD UL subirames are
configured), A/N’s for multiple CCs are multiplexed upon

the PUCCH of one CC and fed back.

Example 1

With example 1, when A/N’s are transmitted 1n one CC,

PUCCH transmission 1s carried out only in the FDD cell (see
FIG. 7). That 1s, even when the FDD cell serves as the SCell,

ACK/NACK feedback 1s sent using the PUCCH of the FDD
cell, as in the case of the PCell. Note that, although FIG. 7
only shows, 1n the FD cell, allocating DL subirames to
subirames 1n which the FDD cell and the TDD cell are both
directed to UL, the other DL subframes are also allocated to
UL subframes, as has been shown 1n above FIG. 5. The same
holds with followmg FIGS. 8, 9, 11 and 12.

In this case, even 1n subframes 1n which the FDD cell and
the TDD cell are both directed to UL, A/N’s of the FDD cell
and the TDD cell are multiplexed over the PUCCH of the
FDD cell. In the other subirames, A/N’s for the FDD cell are
multiplexed over the PUCCH of the FDD cell and trans-
mitted.

By controlling the feedback method as shown in FIG. 7,
unlike TDD in which UL subirames are limited, 1t 1s possible
to gather PUCCHSs 1n the FDD cell where UL 1s configured
every subirame, so that 1t 1s possible not to make vacant UL
resources, and make effective use of UL resources. Also,
when the FDD cell use a lower frequency than the TDD cell,

it 1s possible to secure UL coverage € Tectively, by gathering
and multiplexing PUCCHs 1n the FDD cell’s UL.

Example 2

With example 2, when A/N’s are transmitted 1n one CC,
PUCCHs are transmitted using the FDD cell and the TDD
cell (see FIG. 8). To be more specific, 1n subirames in which
the FDD cell and the TDD cell are both directed to UL,
PUCCH transmission 1s carried out 1 the TDD cell’s UL.
Also, 1n the other subiframes, PUCCH transmission 1s carried
out 1n the FDD cell’s UL. In this case, the TDD cell and the
FDD cell carry out PUCCH transmission separately, 1n
different subiframes, and the FDD cell and the TDD cell do
not carry out PUCCH transmission at the same time.

As shown 1n FIG. 8, by transmitting delivery acknowl-
edgement signals by using the UL PUCCHs of the FDD cell
and the TDD cell, it 1s possible to disperse the PUCCH
transmission for each cell.

Note that it 1s preferable to apply above example 1,
particularly when FDD cell serves as the PCell (when the
SCell serves as the TDD cell). On the other hand, example
2 1s suitable for application particularly when the TDD cell
serves as the PCell (when the FDD cell serves as the SCell).
That 1s, PUCCH transmission by the SCell 1s applied only
when the TDD cell serves as the PCell.

By this means, 1t 1s possible to prevent unnecessary
PUCCH transmission in the SCell when FDD cell serves as
the PCell, and disperse PUCCH transmission to the FDD
cell (PUCCH ofl-loading) when the TDD cell serves as the
PCell. Furthermore, regardless of which of the TDD cell and
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the FDD cell 1s the PCell, PUCCH transmission for the
PCell’s DL assignments 1s all carried out in the PCell,

thereby allowing easy fallback.

Also, when, in TDD-FDD CA, the area size, the number
of users accommodated, the traflic and so on are not even
between the FDD cell and the TDD cell, for example, a case
might occur where, while many small cells are superposed
over one macro cell and the macro cell supports the cover-
ages, the small cells that are provided within the macro cell
cach ofler high-capacity communication in a comparatively
small area, to a small number of users. In an environment
like this, above example 1 1s preferable to apply particularly
when the TDD cell serves as the PCell (when the FDD cell
serves as the SCell). On the other hand, example 2 may be
applied when either the FDD cell or the TDD cell serves as
the PCell. That 1s, 1t 1s preferable to apply example 2 as
much as possible when PUCCH transmission 1s carried out
in the SCell.

In an environment such as described above, the general
assumption 1s to make the macro cell the PCell and the small
cells SCells, and offer additional high-capacity communi-
cation 1n the SCells. In this case, since the macro cell (PCell)
communicates with a large number of users, the UL
resources are likely to be busy. Consequently, by carrying
out PUCCH transmission as much as possible 1n the small
cells (SCells) where there are fewer users, it 1s possible to
disperse the PUCCHs over a large number of small cells, and
prevent the macro cell’s UL resources from being busy.

Example 3

With example 3, when A/N’s are transmitted 1n one CC,
in subframes in which the FDD cell and the TDD cell are
both directed to UL, PUCCH transmission 1s carried out by
selecting the UL of one of the FDD cell and the TDD cell
based on a predetermined condition. The predetermined
condition may be whether or not there 1s an A/N to transmit
in each cell 1n timings where the FDD cell and the TDD cell
both use UL subirames.

For example, 1n a subirame 1n which the FDD cell and the
TDD cell are both directed to UL, if there 1s an A/N to
transmit 1n response to a DL signal (PDSCH signal) of the
FDD cell, the PUCCH 1s allocated to the FDD cell’s UL and
transmitted, and, 1f there 1s no A/N to transmit, the PUCCH
1s allocated to the TDD cell’s UL and transmitted (see FIG.
9). By this means, the scheduler can control the cell to carry
out PUCCH ftransmission, so that dynamic PUCCH ofl-
loading becomes possible. Also, since PUCCH transmission
can be gathered in the cell With the heavier DL scheduling,
it 1s possible to make the DL/UL traflic even.

For example, in the event the macro cell and the small
cells carry out TDD-FDD-based intra-eNB CA, there 1s a
high possibility that the DL trathic shows good channel
quality and concentrates in the small cells where the traflic
of other users 1s comparatively light. In this case, 1t 1s
possible to concentrate the PUCCHSs 1n the small cells in
accordance with the DL trathic that 1s concentrated in the
small cells. Consequently, 1n an environment where a macro
cell and many small cells overlap, it 1s possible to achieve
a high off-loading effect in both DL/UL. Furthermore, when
there are A/N’s to transmit in response to DL assignments of
both the FDD cell and the TDD cell, the A/N’s are trans-
mitted by allocating the PUCCHSs to the FDD cell’s UL, so
that 1t 1s possible to use vacant FDD UL when the trailic 1s
heavy i TDD UL.

Alternatively, 11 there 1s an A/N to transmit 1n response to
a DL signal of the TDD cell 1n a subirame 1n which the FDD

10

15

20

25

30

35

40

45

50

55

60

65

8

cell and the TDD cell are both directed to UL, the PUCCH
may be allocated to the TDD cell’s UL and transmitted, and,
if there 1s no A/N to transmit, the PUCCH may be allocated
to the FDD cell’s UL and transmitted. In this case, if there
are A/N’s to transmit in response to DL assignments of both
the FDD cell and the TDD cell, the PUCCHs are allocated
to the TDD cell’s UL and transmitted. By this means, the
scheduler can control the cell to carry out PUCCH ftrans-
mission, so that dynamic PUCCH ofi-loading becomes
possible.

For example, 1n the case where the macro cell and the
small cells carry out TDD-FDD-based intra-eNB CA, there
1s a high possibility that the DL traflic shows good channel
quality and concentrates in the small cells where the traflic
of other users 1s comparatively light. In this case, 1t 1s
possible to concentrate the PUCCHSs 1n the small cells 1n
accordance with the DL traflic that 1s concentrated in the
small cells. Consequently, 1n an environment where a macro
cell and many small cells overlap, it 1s possible to achieve
a high off-loading effect in both DL/UL. Furthermore, when
there are A/N’s to transmit in response to DL assignments of
both the FDD cell and the TDD cell, the A/N’s are trans-
mitted by allocating the PUCCHSs to the FDD cell’s UL, so
that, 1n an environment in which TDD cells are small cells,
it 1s possible to off-load the PUCCHSs 1n the small cells
where there are small number of users and where the trathic
1s comparatively light.

Note that base stations can report in which cell’s UL
PUCCH transmission 1s carried out in timings where the
FDD cell and the TDD cell are both directed to UL, to user
terminals, by using downlink control iformation (DCI),
higher layer signaling (for example, RRC signaling) and so
on. For example, base stations can report information about
the cells to user terminals by using bits that are not used in
existing DCI, bits that relate to PUCCH resources and so on.
Now, the method of reporting from base stations to user
terminals will be described below.

The base stations can specity the cell to perform PUCCH
transmission, by using the TPC command field (also referred
to as “ARI”) that 1s contained in the SCell’s DCI. The ARI
1s an ACK/NACK resource indicator (A/N resource indica-
tor) that was 1ntroduced 1n Rel. 10, and that 1s used to specily
the PCell’s PUCCH resource that 1s used to send A/N
teedback for the PDSCH transmitted from the SCell when
CA 1s employed. To be more specific, a plurality of PUCCH
resource candidates are reported 1n advance to a user ter-
minal through higher layers such as RRC, and one among
these 1s specified by the ARI.

The ARI introduced i Rel. 10 can only specily the
PUCCH resources 1n the PCell. So, the present embodiment
1s structured so that a plurality of PUCCH resource candi-
dates can be configured, over the PCell and the SCell, by
using ARIs. A user terminal selects the CC to carry out
PUCCH transmission and the PUCCH resource, by using
the ARIs reported from the base stations.

In this way, by selecting the feedback target cell (the cell
where A/N’s are gathered) by using the ARI, 1n timings
where the FDD cell and the TDD cell are both directed to
UL, 1t 1s possible to control PUCCH transmission dynami-
cally and flexibly. By this means, 1t 1s possible to disperse
PUCCH transmission to each cell (for example, the TDD
cell), and achieve an ofl-loading eflect. Furthermore, by
carrying out the transmission power control (TPC) for the
PUCCH signal based on TPC commands contained 1n the
PCell’s DCI, and selecting the CC and resource to carry out
PUCCH transmission by using the SCell’s TPC commands,
it 1s possible to prevent the increase of overhead.
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Furthermore, the base stations can specily the cell to carry
out PUCCH transmission by using the bit field (also referred
to as “ARQO”) that 1s contained 1n the DCI transmitted 1n the
enhanced PDCCH (EPDCCH), and that applies an oflset to
the PUCCH resource index (ECCE index). The ARO was
introduced 1 Rel. 11, and specifies the offset value to add to
the enhanced control channel element mndex (ECCE index)

when determining the PUCCH resource to use in the A/N
teedback for the PDSCH that 1s modulated using the EPD-

CCH. The enhanced PDCCH (EPDCCH) 1s a downlink
control channel that 1s allocated to be frequency-division-
multiplexed with the PDSCH (downlink shared data chan-
nel).

The ARO that was introduced 1n Rel. 11 does not take nto
account the application of CA (non-CA), and therefore 1s not
used (zero-fixed) when CA 1s employed. So, with the present
embodiment, the cell (the PCell or the SCell) to carry out
PUCCH transmission 1s specified by using the ARO. A user
terminal selects the CC to carry out PUCCH transmission
based on the ARO reported.

In this way, 1t 1s possible to control PUCCH transmission
dynamically and flexibly by selecting the feedback target
cell (the cell where A/N’s are gathered) by using the ARO,
in timings where the FDD cell and the TDD cell are both
directed to UL. By this means, 1t 1s possible to disperse
PUCCH transmission to each cell, and achieve an ofl-
loading eflect.

Also, when transmitting DCI in the EPDCCH, the base
stations can apply the above-described ARI of the SCell and
the ARO 1n combination, and report the feedback target cell
and the PUCCH resource to the user terminal. For example,
the base stations specily the CC to carry out PUCCH
transmission with the ARO, specity the PUCCH resource in
this CC with the ARI, and report these to the user terminal.
In this case, each specified CC may be configured with a
different PUCCH resource candidate set. In this way, by
using the ARI and the ARO, it becomes possible to make
eflective use of unused bits, and, furthermore, execute
PUCCH transmission control and off-loading 1n a flexible
mannet.

Also, the base stations may indicate information related to
the cell to carry out PUCCH transmission in timings where
the FDD cell and the TDD cell are both directed to UL, by
using the resource and configuration (Config) of the control
channel (PDCCH/EPDCCH) that transmits downlink con-
trol imformation (DCI).

For example, the base stations can associate each cell with
a type of a search space (common-SS or UE-specific-SS)
and 1ndicate these to the user terminal. In one example,
PUCCH transmission 1s carried out in the PCell 1n the event
of the common search space (C-SS) and carried out 1n the
SCell 1n the event of a user-specific search space (UE-SS).

Alternatively, the base stations can associate each cell
with a type of a control channel (PDCCH or EPDCCH) and
indicate these to the user terminal. In one example, PUCCH
transmission 1s carried out 1n the PCell 1n the event of the
PDCCH and carried out 1n the SCell 1n the event of the
EPDCCH.

Alternatively, the base stations can associate each cell
with a location 1n the PDCCH/EPDCCH where downlink
control information (DCI) 1s scheduled (CCE 1index), and
indicate these to the user terminal. In one example, PUCCH
signal transmission 1s carried out 1n the PCell when DCI 1s

mapped to CCE/ECCE indices 0 to 30 in the PDCCH/
EPDCCH, and carried out 1n the SCell otherwise.

In this way, by associating cell information with search
space types, control channel types, PDCCH/EPDCCH loca-
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tions and so on, 1t 1s possible to specity the CC to carry out
PUCCH transmission based on the scheduling of DCI. By

this means, it 1s possible to prevent the increase of overhead.
Furthermore, it may be possible to carry out PUCCH trans-
mission in the SCell, for example, only when the UE-SS and
the EPDCCH are used, and carry out PUCCH transmission
in the PCell otherwise, including when, for example, the
C-SS and the PDCCH are used. By this means, even when
the re-configuration of UE-specific RRC parameters 1s in
progress, 1t 1s possible to continue communication (fall-
back), without disconnection, by using the C-SS and the
PDCCH.

According to the present embodiment, when the PUSCH
signal 1s transmitted 1 A/N transmission timings (sub-
frames), the user terminal can transmit the PUCCH and the

PUSCH simultaneously, or multiplex and transmit A/N’s 1n
the PUSCH.

When transmitting the PUCCH and the PUSCH simulta-
neously, the user terminal, regardless of the allocation of the
PUSCH, transmits an A/N (PUCCH transmission) by using
the PUCCH of the CC where the A/N 1s planned to be
transmitted. That 1s, the user terminal transmits an UL data
signal and an A/N simultaneously by using the PUSCH and
the PUCCH.

On the other hand, when not transmitting the PUSCH and
the PUCCH simultaneously, the user terminal multiplexes
and transmits an A/N 1n the PUSCH even 1n the CC where
the A/N 1s planned to be transmitted. Note that, when
PUSCH transmission 1s carried out in multiple CCs (PCell
and SCell), A/N’s are multiplexed over the PCell’s PUSCH.
Furthermore, when the PCell does not carry out PUSCH
transmission and a plurality of SCells carry out PUSCH
transmission, 1t 1s possible to multiplex and transmit A/N’s
in a cell with a small SCell 1ndex.

Second Embodiment

With the first embodiment described above, user terminals
that can employ uplink CA (UL CA capable UEs) can
implement FDD-TDD CA. Meanwhile, there 1s a risk that
user terminals that do not support UL CA cannot implement
FDD-TDD CA. For example, low-cost user terminals and/or
the like may support DL CA but may not support UL CA.
Also, depending on the combination of the frequency bands
used in each CC, there may be a possibility that user
terminals are unable to execute UL CA.

User terminals that do not support UL CA (UL CA
non-capable UEs) have only one RF for UL. Consequently,
for example, as shown 1n FIG. 8 above, switching the UL
frequency on a per subirame becomes diflicult. Meanwhile,
in order to allow as many user terminals as possible to
implement TDD-FDD CA 1n as many environments as
possible, 1t 1s preferable to employ a system 1n which even
user terminals that do not support UL CA can employ the
above-described TDD-FDD CA.

In order to solve this problem, when user terminals that do
not support UL CA carry out 1TDD-FDD CA, or carry out
PUCCH transmission in the UL of both the TDD cell and the
FDD cell, 1t may be possible to provide periods (RF tuning
periods) 1n which UL transmission 1s not carried out, before
and after the TDD cell’s UL subirames (see FIG. 10). For
example, 1 ms or so before and after TDD UL subirames are
made RF tuning periods.

However, with the method illustrated in FIG. 10, UL
transmission 1s not possible during RF tuning, and there 1s
a risk that the throughput of UL transmission decreases.
Furthermore, since A/N feedback cannot be sent either in
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periods where UL transmission cannot be performed, the
allocation of DL signals (PDSCH signals) 1s also limited.
Due to this, there 1s also a risk that the throughput of DL
transmission decreases too.

So, with a second embodiment, 1n timings where the FDD

cell and the TDD cell are both directed to UL (the TDD
cell’s UL subirames), the cell to carry out PUCCH trans-
mission 1s controlled depending on whether or not there are

A/N’s to transmit 1n the FDD cell or the TDD cell. That 1s,
PUCCH transmission in the TDD cell 1s selected and RF
tuning periods are provided taking into account the trans-
mission of A/N’s. By this means, even when a user terminal
that does not support UL CA switches PUCCH transmission
between the ULs of the FDD cell and the TDD cell, 1t 1s

possible to reduce the decrease of throughput.
For example, 1n timings where the FDD cell and the TDD
cell are both directed to UL, the user terminal carries out

PUCCH transmission in the TDD cell’s UL, only when there
1s no A/N transmission from the FDD cell. Otherwise, the
user terminal carries out PUCCH transmission in the FDD

cell’s UL (see FIG. 11). That 1s, when there 1s A/N trans-
mission 1n both the FDD cell and the TDD cell, PUCCH
transmission 1s gathered 1n the FDD UL and carried out. By
this means, even when PUCCH transmission 1s carried out
in the TDD cell, 1t 1s possible to reduce the impact of RF
tuning periods. Meanwhile, when PUCCH transmission 1s
carried out many times 1n the TDD cell alone, although RF
tuning occurs irequently, i1t 1s nevertheless possible to con-
centrate the PUCCHs 1n the TDD cell. Consequently, 1n
accordance with the concentration of DL traflic, 1t 1s also
possible to concentrate UL traflic likewise.

Alternatively, i1 there 1s A/N transmuission 1n the TDD cell
in timings where the FDD cell and the TDD cell are both
directed to UL, PUCCH transmission 1s carried out using the
TDD cell’s UL. In this case, when there 1s A/N transmission
in both the FDD cell and the TDD cell, PUCCH transmission
1s gathered 1n the TDD UL and carried out.

In this way, depending on whether or not there are A/N’s
to transmit 1n the FDD cell or 1n the TDD cell, 1t 1s possible
to make the traflic (PUCCH transmission) comparatively
concentrated in TDD. Consequently, when, for example, the
FDD cell 1s a macro cell and the TDD cell 1s a small cell, it
1s possible to distribute more PUCCHs to the TDD small cell
where the UL resources are more likely to be vacant. Also,
by carrying out PDCCH transmission not only by using the
FDD cell, but also by using the TDD cell as well, 1t 1s
possible to disperse the traflic and aclhieve an ofl-loading
cllect.

Whether or not RF tuning 1s applied in timings where the
FDD cell and the TDD cell are both directed to UL can be
indicated from the base stations to the user terminal by using
downlink control imnformation (DCI), higher layer signaling
and so on. In this case, preferably, the base stations send the
indication by using bits that are not used 1n existing DCI or
bits that relate to PUCCH resources. Now, the method of
reporting {from the base stations to the user terminal will be
described below. Note that description will be omitted 1n
parts that are the same as in the above-described radio base
station-UE reporting method.

For example, the base stations can indicate whether or not
RF tuning is applied by using the TPC command field (ARI)
that 1s contained 1n the SCell’s DCI. Also, the base stations
can specily whether or not RF tuning 1s applied by using the
bit field (ARQO) that 1s contained in the DCI transmitted in
the EPDCCH and that adds an offset to the PUCCH resource

index.
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In one example, a user terminal carries out RF tuning
when PUCCH transmission 1n the TDD cell’s UL 1s com-
manded by an ARI or an ARO. By this means, it 1s possible
to control PUCCH transmission dynamically and flexibly,
and, by dispersing PUCCH transmission to each cell,
achieve an ofl-loading eflect. Furthermore, since the user
terminal does not carry out RF tuning when there i1s no
command by way of an ARI or an ARO, 1t i1s possible to

prevent producing unnecessary non-transmission periods in
UI

Also, when transmitting DCI 1n the EPDCCH, the base
stations can apply the above-described ARI of the SCell and
the ARO 1n combination, and report whether or not RF
tuning 1s applied and the PUCCH resource to the user
terminal. For example, the base stations specity whether or
not RF tuning 1s applied with the ARO, specity the PUCCH
resource 1n this CC with the ARI, and report these to the user
terminal. In this way, by using the ARI of the SCell and the
AROQO, 1t becomes possible to make eflective use of unused
bits, and, furthermore, control PUCCH transmission flexibly
and execute off-loading. Furthermore, since the user termi-
nal does not carry out RF tuning when there 1s no command
by way of an ARI or an ARQO, 1t 1s possible to prevent
producing unnecessary non-transmission periods in UL.

Also, the base stations can indicate to the user terminal
whether or not RF tuning 1s applied by using the resource
and configuration (Config) of the control channel (PDCCH/
EPDCCH) that transmits downlink control information
(DCI).

For example, the base stations can associate each cell with
a type of a search space (common-SS or UE-specific-SS)
and 1ndicate these to the user terminal. In one example,
PUCCH transmission 1s carried out in the PCell 1n the event
of the common search space (C-SS) and carried out 1n the
SCell 1n the event of a user-specific search space (UE-SS).
By this means, RF tuning 1s not applied unless the search
space type changes, so that 1t 1s possible to prevent produc-
ing unnecessary non-transmission periods in UL. Further-
more, by switching the search space type, 1t 1s possible to
control RF tuning, and, by switching the CC to carry out
PUCCH transmission, achieve ofl-loading.

Alternatively, the base stations can associate each cell
with a type of a control channel (PDCCH or EPDCCH) and
indicate these to the user terminal. In one example, PUCCH
transmission 1s carried out in the PCell 1n the event of the
PDCCH and carried out 1n the SCell in the event of the
EPDCCH. By this means, RF tuning is not applied unless the
control channel type changes, so that it 1s possible to prevent
producing unnecessary non-transmission periods in UL.
Furthermore, by switching the control channel type, 1t 1s
possible to control RF tuning, and, by switching the CC to
carry out PUCCH transmission, achieve ofl-loading.

Alternatively, the base stations can associate each cell
with a location in the PDCCH/EPDCCH where downlink
control information (DCI) 1s scheduled (CCE index), and
indicate these to the user terminal. In one example, PUCCH
signal transmission 1s carried out 1n the PCell when DCI 1s
mapped to CCE/ECCE indices 0 to 30 in the PDCCH/
EPDCCH, and carried out in the SCell otherwise. By this
means, 1t 1s possible to prevent producing unnecessary UL
non-transmission periods by controlling RF tuning with a
scheduler, and, turthermore, control PUCCH off-loading by
carrying out RF tuning (switching the PUCCH transmission
cell).

In this way, by associating cell information with search
space types, control channel types, PDCCH/EPDCCH loca-
tions and so on, 1t 1s possible to specily the CC to carry out
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PUCCH transmission based on the scheduling of DCI,
without increasing the overhead.

(Variation)

Note that, although cases have been shown 1n the above
description where the feedback timing for when CA 1s not
employed 1s used as the HARQ timing in response to the
allocation of DL signals (PDSCH signals) of each of the
FDD cell and the TDD cell, the present embodiment 1s by no
means limited to thus. For example, 1t 1s equally possible to
make the DL HARQ timing 1n the TDD cell the same as the
DL HARQ timing 1n FDD, 1n intra-eNB CA (see FI1G. 12).
In this case, the A/N 1n response to the PDSCH signal that
1s transmitted in each DL subirame of the TDD cell can be
fed back 1n the UL subframe of the FDD cell that comes a

predetermined period (for example, 4 ms) after the subframe
in which the PDSCH signal 1s transmitted. By this means, 1t
1s possible to reduce the feedback delay in TDD DL HARQ

to 4 ms. Also, since it 1s possible to reduce the number of
delivery acknowledgement signals to feed back 1n one UL
subframe and disperse these signals over a plurality of
subirames, even when a base station fails to detect a delivery
acknowledgement signal, 1t 1s possible to reduce the impact
this has on DL HARQ.

Meanwhile, in the case illustrated 1n FIG. 12, 1n timings
(ITDD cell’s UL subirames) where the FDD cell and the
TDD cell are both directed to UL, 1n which CC the A/N’s
should be multiplexed and PUCCH transmission should be
carried out 1s the problem. In this case, 1t 1s possible to select
the cell to carry out PUCCH transmission by using one of
the examples shown with the above first embodiment. For
example, referring to FIG. 12, cases might occur in a
subirame 1n which the FDD cell and the TDD cell are both
directed to UL, including the case where PUCCH transmis-
s10on 1s carried out only 1 one cell (the FDD cell or the TDD
cell) regardless of the configuration of the primary cell, or
the case where PUCCH transmission 1s carried out in the cell
that carries out A/N transmission in this subframe.

Also, although TDD-FDD CA has been described in the
above description, the configuration that 1s applicable to the
present embodiment 1s by no means limited to this. The
present embodiment 1s equally applicable to FDD-FDD CA,

TDD-TDD CA and so on.

For example, in FDD-FDD or TDD-TDD inter-base sta-
tion CA (inter-eNB CA), multiple CCs carry out HARQ
independently. In this case, 1t 1s also possible to transmit
A/N’s (PUCCH transmission) from multiple cells at the
same time, 1n the same subframe. Meanwhile, in FDD-FDD
or TDD-TDD ntra-base station CA (intra-eNB CA), (1) the
case where multiple CCs carry out HARQ independently as
in inter-eNB CA, and (2) the case where A/N’s for multiple
CCs are multiplexed 1n one CC and transmitted may occur.
In the latter case of (2), A/N’s are gathered in one CC, so that
there 1s no simultaneous transmission of A/N’s.

(Structure of Radio Communication System)

Now, an example of a radio communication system
according to the present embodiment will be described 1n
detail below.

FIG. 13 1s a schematic structure diagram of the radio
communication system according to the present embodi-
ment. Note that the radio communication system shown in
FIG. 13 1s a system to incorporate, for example, the LTE
system or SUPER 3G. This radio communication system can
adopt carrier aggregation (CA) to group a plurality of
fundamental frequency blocks (component carriers) into
one, where the system bandwidth of the LTE system con-

stitutes one unit. Also, this radio communication system may

10

15

20

25

30

35

40

45

50

55

60

65

14

be referred to as “IM'T-advanced,” or may be referred to as
“4G,” “FRA (Future Radio Access),” eftc.

The radio communication system 1 shown i FIG. 13
includes a radio base station 11 that forms a macro cell C1,
and radio base stations 12a and 124 that form small cells C2,
which are placed inside the macro cell C1 and which are
narrower than the macro cell C1. Also, user terminals 20 are
placed 1n the macro cell C1 and 1n each small cell C2. The
user terminals 20 can connect with both the radio base
station 11 and the radio base stations 12 (dual connectivity).
Also, intra-base station CA (intra-eNB CA) or inter-base
station CA (inter-eNB CA) 1s applied between the radio base
station 11 and the radio base station 12. Furthermore, it 1s
possible that one of the radio base station 11 and the radio
base station 12 employs FDD and the other one employs
TDD.

Between the user terminals 20 and the radio base station
11, communication 1s carried out using a carrier of a
relatively low frequency band (for example, 2 GHz) and a
narrow bandwidth (referred to as, for example, “existing
carrier,” “legacy carrier” and so on). Meanwhile, between
the user terminals 20 and the radio base stations 12, a carrier
of a relatively high frequency band (for example, 3.5 GHz
and so on) and a wide bandwidth may be used, or the same
carrier as that used in the radio base station 11 may be used.
A new carrier type (NCT) may be used as the carrier type
between the user terminals 20 and the radio base stations 12.
Between the radio base station 11 and the radio base stations
12 (or between the radio base stations 12), wire connection
(optical fiber, X2 interface and so on) or wireless connection
1s established.

The radio base station 11 and the radio base stations 12 are
cach connected with a higher station apparatus 30, and are
connected with a core network 40 via the higher station
apparatus 30. Note that the higher station apparatus 30 may
be, for example, an access gateway apparatus, a radio
network controller (RNC), a mobility management entity
(MME) and so on, but 1s by no means limited to these. Also,
cach radio base station 12 may be connected with the higher
station apparatus via the radio base station 11.

Note that the radio base station 11 1s a radio base station
having a relatively wide coverage, and may be referred to as
an “eNodeB,” a “macro base station,” a “transmitting/
receiving point” and so on. Also, the radio base stations 12
are radio base stations having local coverages, and may be
referred to as “small base stations,” “pico base stations,”
“femto base stations,” “Home eNodeBs,” “micro base sta-
tions,” “transmitting/receiving points” and so on. Hereinai-
ter the radio base stations 11 and 12 will be collectively
referred to as “radio base station 10,” unless specified
otherwise. The user terminals 20 are terminals to support
various communication schemes such as LTE, LTE-A and so
on, and may be both mobile communication terminals and
stationary communication terminals.

In this radio communication system, as radio access
schemes, OFDMA (Orthogonal Frequency Division Mul-
tiple Access) 1s applied to the downlink, and SC-FDMA
(Single-Carrier Frequency Division Multiple Access) 1s
applied to the uplink. OFDMA 1s a multi-carrier transmis-
sion scheme to perform communication by dividing a fre-
quency band into a plurality of narrow Irequency bands
(subcarriers) and mapping data to each subcarrier. SC-
FDMA 1s a single-carrier transmission scheme to mitigate
interference between terminals by dividing the system band
into bands formed with one or continuous resource blocks
per terminal, and allowing a plurality of terminals to use
mutually different bands.
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Now, communication channels used 1n the radio commu-
nication system shown 1n FIG. 13 will be described. Down-
link communication channels include a PDSCH (Physical

Downlink Shared CHannel), which 1s used by each user
terminal 20 on a shared basis, and downlink LL1/1.2 control
channels (PDCCH, PCFICH, PHICH and enhanced
PDCCH). User data and higher control information are
transmitted by the PDSCH. Scheduling information for the
PDSCH and the PUSCH and so on are transmitted by the
PDCCH (Physical Downlink Control CHannel). The num-
ber of OFDM symbols to use for the PDCCH 1s transmitted
by the PCFICH (Physical Control Format Indicator Chan-
nel). HARQ ACKs/NACKSs for the PUSCH are transmitted
by the PHICH (Physical Hybrid-ARQ Indicator CHannel).
Also, the scheduling information for the PDSCH and the
PUSCH and so on may be transmitted by the enhanced
PDCCH (EPDCCH) as well. This EPDCCH 1s frequency-
division-multiplexed with the PDSCH (downlink shared
data channel).

Uplink control channels include a PUSCH (Physical
Uplink Shared CHannel), which 1s used by each user ter-
minal 20 on a shared basis as an uplink data channel, and a
PUCCH (Physical Uplink Control CHannel), which 1s an
uplink control channel. User data and higher control infor-
mation are transmitted by thus PUSCH. Also, by means of
the PUCCH, downlink radio quality information (CQI:
Channel Quality Indicator), ACKs/NACKSs and so on are
transmitted.

FIG. 14 1s a diagram to show an overall structure of a
radio base station 10 (which may be either a radio base
station 11 or 12) according to the present embodiment. The
radio base station 10 has a plurality of transmitting/receiving,
antennas 101 for MIMO transmission, amplifying sections
102, transmitting/receiving sections 103, a baseband signal
processing section 104, a call processing section 1035 and a

transmission path interface 106.

User data to be transmitted from the radio base station 10
to the user terminals 20 on the downlink 1s input from the
higher station apparatus 30, into the baseband signal pro-
cessing section 104, via the transmission path interface 106.

In the baseband signal processing section 104, a PDCP
layer process, division and coupling of user data, RLC
(Radio Link Control) layer transmission processes such as
an RLC retransmission control transmission process, MAC
(Medium Access Control) retransmission control, including,
for example, an HARQ transmission process, scheduling,
transport format selection, channel coding, an inverse fast
Fourier transform (IFFT) process and a precoding process
are performed, and the result 1s transierred to each trans-
mitting/recerving section 103. Furthermore, downlink con-
trol channel signals are also subjected to transmission pro-
cesses such as channel coding and an 1nverse fast Fourier
transform, and are transferred to each transmitting/receiving,
section 103.

Also, the baseband signal processing section 104 reports,
to the user terminals 20, control imnformation for allowing
communication in the cell, through higher layer signaling
(RRC signaling, broadcast signal and so on). The informa-
tion for allowing communication 1n the cell includes, for
example, the uplink or downlink system bandwidth, feed-
back resource information and so on. Each transmitting/
receiving section 103 converts baseband signals that are
pre-coded and output from the baseband signal processing
section 104 on a per antenna basis, into a radio frequency
band. The amplifying sections 102 amplity the radio fre-
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quency signals having been subjected to frequency conver-
sion, and transmit the signals through the transmitting/
receiving antennas 101.

On the other hand, as for data to be transmitted from the
user terminals 20 to the radio base station 10 on the uplink,
radio frequency signals that are received in the transmitting/
receiving antennas 101 are each amplified 1n the amplifying
sections 102, converted into baseband signals through fre-
quency conversion in each transmitting/recerving section
103, and mnput 1n the baseband signal processing section
104.

In the baseband signal processing section 104, the user
data that 1s included 1n the mput baseband signals 1s sub-
jected to an FFT process, an IDFT process, error correction
decoding, a MAC retransmission control receiving process,
and RLC layer and PDCP layer receiving processes, and the
result 1s transferred to the higher station apparatus 30 via the
transmission path interface 106. The call processing section
105 performs call processing such as setting up and releas-
ing communication channels, manages the state of the radio
base stations 10 and manages the radio resources.

FIG. 15 1s a diagram to show a principle functional
structure of the baseband signal processing section 104
provided 1n the radio base station 10 according to the present
embodiment. As shown i FIG. 15, the baseband signal
processing section 104 provided in the radio base station 10
1s comprised at least of a control section 301, a downlink
control signal generating section 302, a downlink data signal
generating section 303, a mapping section 304, a demapping
section 305, a channel estimation section 306, an uplink
control signal decoding section 307, an uplink data signal
decoding section 308 and a decision section 309.

The control section 301 controls the scheduling of down-
link user data that 1s transmitted 1n the PDSCH, downlink
control information that 1s transmitted 1n the PDCCH and/or
the enhanced PDCCH (EPDCCH), downlink reference sig-
nals and so on. Also, the control section 301 controls the
scheduling of uplink data that 1s transmitted in the PUSCH,
uplink control information that 1s transmitted 1n the PUCCH
or the PUSCH, and uplink reference signals (allocation
control). Information about the allocation control of uplink
signals (uplink control signals and uplink user data) 1s
reported to user terminals by using a downlink control signal
(DCI).

To be more specific, the control section 301 controls the
allocation of radio resources with respect to downlink sig-
nals and uplink signals, based on command information

from the higher station apparatus 30, feedback information
from each user terminal 20 and so on. That 1s, the control
section 301 functions as a scheduler. Also, 1n inter-eNB CA,
the control section 301 1s provided for each of multiple CCs
separately, and 1n intra-eNB CA, the control section 301 1s
provided to be shared by multiple CCs.

The downlink control signal generating section 302 gen-
crates downlink control signals (PDCCH signals and/or
EPDCCH signals) determined to be allocated by the control
section 301. To be more specific, based on commands from
the control section 301, the downlink control signal gener-
ating section 302 generates a DL assignment to report
downlink signal allocation information and a UL grant to
report uplink signal allocation information.

For example, 1n accordance with the above first embodi-
ment, the downlink control signal generating section 302
includes, 1n downlink control information (DCI), informa-
tion that relates to the cell where A/N’s are gathered and
multiplexed (PUCCH transmission 1s carried out) in sub-

frames 1n which the FDD cell and the TDD cell are both
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directed to UL. Also, 1n accordance with the above second
embodiment, the downlink control signal generating section
302 includes, in downlink control information, information
as to whether or not RF tuning 1s applied in subirames where
the FDD cell and the TDD cell are both directed to UL.

To be more specific, the downlink control signal gener-
ating section 302 generates imnformation that relates to the
cell which the user terminal uses for A/N feedback (feed-
back target cell), the PUCCH resource to use 1n this cell, and
so on, by using the SCell’s ARI and the ARO. Alternatively,
the downlink control signal generating section 302 generates
information as to whether or not RF tuning 1s applied, the
PUCCH resource to be used, and so on, by using the SCell’s
ARI and the ARO.

Note that the downlink control signal generating section
302 may generate control information by associating the
information related to the user terminal’s A/N feedback
target cell, the information as to whether or not RF tuning 1s
applied and so on with search space types, control channel
types, or PDCCH/EPDCCH locations. In this case, the
downlink control signal generating section 302 generates
downlink control information based on commands from the
control section 301.

The downlink data signal generating section 303 gener-
ates downlink data signals (PDSCH signals). The data
signals that are generated in the data signal generating
section 303 are subjected to a coding process and a modu-
lation process, based on coding rates and modulation
schemes that are determined based on CSI from each user
terminal 20 and so on.

Based on commands from the control section 301, the
mapping section 304 controls the allocation of the downlink
control signals generated in the downlink control signal
generating section 302 and the downlink data signals gen-
erated 1n the downlink data signal generating section 303, to
radio resources.

The demapping section 305 demaps the uplink signals
transmitted from the user terminals and separates the uplink
signals. The channel estimation section 306 estimates the
channel states from the reference signals included in the
received signals separated in the demapping section 305,
and outputs the estimated channel states to the uplink control
signal decoding section 307 and the uplink data signal
decoding section 308.

The uplink control signal decoding section 307 decodes
the feedback signals (delivery acknowledgement signals,
etc.) transmitted from the user terminals through an uplink
control channel (PUCCH), and outputs the results to the
control section 301. The uplink data signal decoding section
308 decodes the uplink data signals transmitted from the
user terminals through an uplink shared channel (PUSCH),
and outputs the results to the decision section 309. The
decision section 309 makes retransmission control decisions
(A/N decisions) based on the decoding results 1n the uplink
data signal decoding section 308, and outputs the results to
the control section 301.

FIG. 16 1s a diagram to show an overall structure of a user
terminal 20 according to the present embodiment. A user
terminal 20 has a plurality of transmitting/receiving anten-
nas 201 for MIMO transmission, amplifying sections 202,
transmitting/receiving sections (receirving sections) 203, a
baseband signal processing section 204 and an application
section 205.

As for downlink data, radio frequency signals that are
received in the plurality of transmitting/recerving antennas
201 are each amplified in the amplitying sections 202, and
subjected to frequency conversion and converted into the
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baseband signal in the transmitting/receiving sections 203.
This baseband signal 1s subjected to receiving processes
such as an FFT process, error correction decoding and
retransmission control, in the baseband signal processing
section 204. In this downlink data, downlink user data is
transierred to the application section 205. The application
section 205 performs processes related to higher layers
above the physical layer and the MAC layer. Also, 1n the
downlink data, broadcast information 1s also transferred to
the application section 203.

Meanwhile, uplink user data 1s input from the application
section 205 to the baseband signal processing section 204. In
the baseband signal processing section 204, a retransmission
control (H-ARQ (Hybrid ARQ))) transmission process, chan-
nel coding, precoding, a DFT process, an IFFT process and
so on are performed, and the result 1s transferred to each
transmitting/receiving section 203. The baseband signal that
1s output from the baseband signal processing section 204 1s
converted 1nto a radio frequency band 1n the transmitting/
receiving sections 203. After that, the amplifying sections
202 amplily the radio frequency signals having been sub-
jected to frequency conversion, and transmit the resulting
signals from the transmitting/receiving antennas 201.

FIG. 17 1s a diagram to show a principle functional
structure of the baseband signal processing section 204
provided in the user terminal 20. As shown 1n FIG. 17, the
baseband signal processing section 204 provided 1n the user
terminal 20 1s comprised at least of a control section 401
(feedback control section), an uplink control signal gener-
ating section 402, an uplink data signal generating section
403, a mapping section 404, a demapping section 4035, a
channel estimation section 406, a downlink control signal
decoding section 407, a downlink data signal decoding
section 408 and a decision section 409.

The control section 401 controls the generation of uplink
control signals (A/N signals and so on) and uplink data
signals based on the downlink control signals (PDCCH
signals) transmitted from the radio base stations, retrans-
mission control decisions with respect to the PDSCH signals
received, and so on. The downlink control signals received
from the radio base stations are output from the downlink
control signal decoding section 408, and the retransmission
control decisions are output from the decision section 409.

Also, the control section 401 also functions as a feedback
control section that controls the feedback of delivery
acknowledgement signals (A/N’s) 1 response to the
PDSCH signals. To be more specific, in a communication
system 1n which CA 1s employed, the control section 401
determines the cell (or CC) to feed back A/N’s, the PUCCH
resources to allocate the A/N’s to, and so on. For example,
based on downlink control signals transmitted from the radio
base stations and so on, the control section 401 determines
the A/N feedback target cell, the PUCCH resources to use
and so on, and indicate these to the mapping section 404.

For example, 1n accordance with above example 1 of the
first embodiment, which employs TDD-FDD CA, the con-
trol section 401 executes control so that, when A/N’s are
transmitted 1n one CC, PUCCH transmission 1s carried out
only 1n the FDD cell (see above FIG. 7). In this case,
regardless of whether the FDD cell serves as the PCell or as
the SCell, the A/N’s are fed back using the FDD cell’s
PUCCH.

In accordance with above example 2 of the first embodi-
ment, the control section 401 executes control so that, when
A/N’s are transmitted 1n one CC, PUCCH transmission 1s
carried out using the FDD cell and the TDD cell (see above
FIG. 8). To be more specific, the control section 401
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executes control so that PUCCH transmission 1s carried out
in the TDD cell’s UL 1n timings where the FDD cell and the

TDD cell are both directed to UL, and PUCCH transmission
1s carried out 1n the FDD cell’s UL 1n the other subframes.

In accordance with above example 3 of the first embodi-
ment, when ACKs/NACKSs are transmitted in one CC, the
control section 401 determines the cell to carry out PUCCH
transmission 1n subirame where the FDD cell and the TDD
cell are both directed to UL, based on whether or not there

are A/N’s to transmit 1n the FDD cell or the TDD cell (see
above FIG. 9).

Also, 1n accordance with the above second embodiment,
which employs TDD-FDD CA, the control section 401
determines whether or not to apply RF tuning 1n timings
where the FDD cell and the TDD cell are both directed to
UL, based on whether or not there are A/N’s to transmit 1n
the FDD cell or 1n the TDD cell (see above FIG. 11).

The uplink control signal generating section 402 gener-
ates uplink control signals (feedback signals such as delivery
acknowledgement signals, channel state information (CSI)
and so on) based on commands from the control section 401.
Also, the uplink data signal generating section 403 generates
uplink data signals based on commands from the control
section 401. Note that, when a UL grant 1s included 1n a
downlink control signal reported from the radio base sta-
tions, the control section 401 commands the uplink data
signal generating section 403 to generate an uplink data
signal.

The mapping section 404 (allocation section) controls the
allocation of uplink control signals (delivery acknowledge-
ment signals, etc.) and uplink data signal to radio resources
(PUCCH and PUSCH) based on commands from the control
section 401. For example, depending on the CC (cell) to
send feedback (PUCCH transmission), the mapping section
404 allocates the A/N’s to the PUCCH of that CC (cell).

The demapping section 405 demaps a downlink signal
transmitted from the radio base station 10 and separates the
downlink signal. The channel estimation section 406 esti-
mates the channel state from the reference signals included
in the received signal separated in the demapping section
405, and outputs the estimated channel state to the downlink
control signal decoding section 407 and the downlink data
signal decoding section 408.

The downlink control signal decoding section 407
decodes the downlink control signal (PDCCH signal) trans-
mitted 1n the downlink control channel (PDCCH), and
outputs the scheduling mformation (information regarding
the allocation to uplink resources) to the control section 401.
Also, when information related to the cell to feed back
delivery acknowledgement signals or information as to
whether or not to apply RF tuning 1s included in a downlink
control signal, these pieces of information are also output to
the control section 401.

The downlink data signal decoding section 408 decodes
the downlink data signal transmitted in the downlink shared
channel (PDSCH), and outputs the result to the decision
section 409. The decision section 409 makes a retransmis-
s1ion control decision (A/N decision) based on the decoding
result in the downlink data signal decoding section 408, and
also outputs the result to the control section 401.

Now, although the present invention has been described 1n
detail with reference to the above embodiments, it should be
obvious to a person skilled in the art that the present
invention 1s by no means limited to the embodiments
described herein. The present invention can be implemented
with various corrections and 1n various modifications, with-
out departing from the spirit and scope of the present
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invention defined by the recitations of the claims. For
example, a plurality of embodiments and/or examples
described above may be combined and implemented as
appropriate. Consequently, the description herein 1s pro-
vided only for the purpose of explaining examples, and
should by no means be construed to limit the present
invention 1n any way.

The disclosure of Japanese Patent Application No. 2013-
199481, filed on Sep. 26, 2013, including the specification,
drawings and abstract, 1s incorporated herein by reference 1n
its entirety.

The mvention claimed 1s:

1. A user terminal that communicates with a Frequency
Division Duplex (FDD) cell and a Time Division Duplex
(ITDD) cell by employing carrier aggregation, the user
terminal comprising;

a receiver that receives DL signals transmitted from each

of the FDD cell and the TDD cell; and

a processor that allocates delivery acknowledgement sig-

nals 1 response to the DL signals received, by allo-
cating the delivery acknowledgment signals 1n a pre-
determined UL subframe,

wherein, regardless of whether the FDD cell or the TDD

cell 1s configured as a primary cell, when UL subframes
are configured in both of the FDD cell and the TDD
cell, the processor feeds back the delivery acknowl-
edgement signals 1n response to the DL signal from the
FDD cell and the DL signal from the TDD cell inde-
pendently by using respective UL control channels of
the FDD cell and TDD cell, and, when a UL subframe
1s configured only 1n the FDD cell, the processor feeds
back the delivery acknowledgement signals using the

UL control channel of the FDD cell, and feedback is not
carried out 1n the TDD cell.
2. The user terminal according to claim 1, wherein the

processor applies a same Hybrid Automatic Repeat Request
(HARD) timing when the FDD cell and the TDD cell are

scheduled by different schedulers and the same HARQ
timing when the FDD cell and the TDD cell are scheduled
by a same scheduler.
3. The user terminal according to claim 1, wherein, when
the UL subframes are configured in both of the FDD cell and
the TDD cell, the receiver receives downlink control infor-
mation (DCI) that includes mmformation of the UL control
channels of the respective cells.
4. A base station that communicates with a user terminal
by employing carrier aggregation with a Frequency Divison
Duplex (FDD) cell and a Time Division Duplex (TDD) cell,
the base station comprising:
a transmitter that transmits a DL signal from each of the
FDD cell and the TDD cell;

and

a receiver that receives, i a predetermined UL subirame,
a delivery acknowledgement signal that 1s transmitted
from the user terminal 1 response to the DL signal
transmitted from the user terminal,

wherein, regardless of whether the FDD cell or the TDD

cell 1s configured as a primary cell, when UL subframes
are configured in both of the FDD cell and the TDD
cell, the receiver receives the delivery acknowledge-
ment signals fed back in response to the DL signal from
the FDD cell and the DL signal from the TDD cell
independently by using respective UL control channels
of the FDD cell and TDD cell, and, when a UL
subiframe 1s configured only 1 the FDD cell, the
receiver recerves the delivery acknowledgement sig-
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nals fed back using the UL control channel of the FDD
cell and feedback 1s not carried out in the TDD cell.
5. A radio communication method for a user terminal that
communicates with a Frequency Division Duplex (FDD)
cell and a Time Division Duplex (TDD) cell by employing
carrier aggregation, the radio communication method com-
prising the steps of:
receiving DL signals transmitted from each of the FDD
cell and the TDD cell; and
allocating delivery acknowledgement signals 1n response
to the DL signals received, by allocating the delivery
acknowledgment signals 1n a predetermined UL sub-
frame,
wherein, regardless of whether the FDD cell or the TDD
cell 1s configured as a primary cell, when UL subirames
are configured in both of the FDD cell and the TDD
cell, the delivery acknowledgement signals are fed
back 1n response to the DL signal from the FDD cell
and the DL signal from the TDD cell independently by
using respective UL control channels of the FDD cell
and TDD cell, and, when a UL subirame 1s configured
only in the FDD cell, the delivery acknowledgement
signals are fed back using the UL control channel of the
FDD cell, and feedback 1s not carried out in the TDD

cell.
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